We study experimentally and numerically the nonlinear scattering of wave packets by local multi-site guiding centers embedded in a continuous dielectric medium, as a function of the input power and angle of incidence. The extent of trapping into the linear modes of different sites is manipulated as a function of both the input power and incidence angle, demonstrating power-controlled Nonlinear two-dimensional (2D) wave scattering by local potential discontinuities has been the subject of extensive theoretical studies [1][2][3][4][5][6][7][8][9], and was recently realized experimentally 1
1 [10] . In the optical realization of 2D wave packet scattering in planar waveguides [10] , photonic scattering centers are formed by local modulations of the refractive index, embedded in an otherwise homogeneous single-mode planar dielectric waveguide [see Figs. 1(a) and 1(b) ]. Such centers, or "defects", can be either anti-guiding or guiding, with the latter type supporting internal normal modes. The normal modes can be excited by direct-excitation [ Fig. 1(a) ]. Radiation modes, coupled via side-excitation at an angle of incidence θ towards the center [ Fig. 1(b) ], scatter from the local structure. In the linear-wave regime, the propagation of normal modes and the scattering of radiation modes are fully characterized by the structure's plane wave transmission spectrum [Figs. 1(c) and 1(d)]; Normal modes and linear radiation modes are also decoupled, so that energy conservation of the scattered transmitted and reflected wave packets is fulfilled: R + T = 1.
In the presence of a focusing Kerr nonlinearity, the scattering dynamics can change dramatically. In particular, the nonlinearity can couple light between the radiation modes and normal modes through the nonlinearity-induced change of the propagation constant [10] , provided that the local modulations are shallow and a near-grazing angle of incidence (small linear system (such as discrete [11, 12] , gap [13, 14] and surface [15, 16] solitons), here the nonlinear trapping (NLT) is into pre-existing linear modes of a local guiding scattering center (GSC). While switching of the NLT between the constituent sites of multi-site local GSCs has been demonstrated in silica glass as a function of θ [10] , power dependent switching has not been previously realized. This is due to the small strengths of available nonlinearities compared to the refractive index variations in previous experiments.
In this paper we report a realization of NLT switching, as a function of the input power, between adjacent sites in a specifically designed local GSC embedded in a nonlinear planar AlGaAs waveguide. In the geometry considered here the Kerr nonlinearity is comparable to the spectral spacing between normal modes of different sites in the GSC, and the normal modes' propagation constants are close to the radiation modes' edge [see Figs. 1(c) and
. A cross section of the sample is shown in Fig. 2(a) . The cross section is constant along the propagation direction z, and the light was coupled to the 1.5 µm-thick core layer, which was deposited on top of a 1. To realize the NLT switching we have fabricated 15 mm-long nonlinear AlGaAs samples with a cross section as in Fig. 2(a) . The excitation was by 100 fs laser pulses, at a 1 kHz repetition rate, generated by a Spectra Physics OPA, and yielding up to 10 kW peak power at a wavelength of 1520 nm. The input beam was shaped to a narrow 20 µm-wide Gaussian at the input facet, and was coupled into the sample's homogeneous region. The beam was tilted at various angles θ relative to the input facet towards the GSC. Variable neutral density filters were used to attenuate the input power, and a Vidicon camera was used to image the while it is suppressed altogether at some input angles (namely, below 5 mrad and above 20 mrad). In the latter case the trapping is static. However, there is a broad range of excitation angles (6-15 mrad) in which significant switching of the trapped power is observed.
In conclusion, we have demonstrated power dependent switching of the nonlinear trapping in 2D wave scattering by local multi-site guiding photonic potentials. Our experimental results prove that AlGaAs provides sufficient nonlinearity strengths for observable switching of the nonlinearly trapped power. This observation of NLT manipulation between GSCs, monolithically embedded in nonlinear planar waveguides, with the excitation power as a single parameter, can prove useful in optical switching applications. Our numerical simulations, which agree with the experimental results, also imply that tailored local potential profiles can lead to more prominent switching characteristics, which can be valuable in such applications.
